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Attention is called to the fact that the data given, except those 
in the last paper, can be expected to apply only to the oil-shale 
worked with and.the products recovered therefrom under the par- 
ticular conditions used in the investigations. However, the material 
being worked with is believed to be a fairly representative sample 
of Colorado oil-shale, and if due allowances are made for the vary- 
ing richness of different shales, the results may be expected to be 
applicable, with a reasonable degree of accuracy, to all ahales of 
the Green River formation. 
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Plate IV. Horizontal Hetort at 
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Later calculations (not experimental evidence) seem to indi- 
cate that the fuel value factor may decrease slightly for the shales 
yielding much over 60 gallons of oil per ton. The factor given, 
however, is suiBciently close to serve as a good approximation for 
most shales, especially as shales yielding over 50 gallons of oil per 
ton are rather exceptional. 

The available heating value of an oil-shale will, of course, be 
influenced by the water content of the shale, since tiie water must 
be vaporized during combustion, when it is present, and thus sub- 
tracts from the total heating value as calculated by the above 
method. 

It may be that the composition of kerogen in the shales of vari- 
ous widely separated localities or geological horizons may be suffici- 
ently diverse to necessitate separate determinations of the above 
factor. The problem merits further investigation. The variation 
of the ** paper'* shale considered in connection with the character 
of oil yielded by it, argues for a different factor in this case at least. 

E. The heat of combustion of the spent shale in these tests 
varies from 12.58 to 21.85 per cent of that of the raw shale from 
which it is derived, and averages 17.42 per cent of it. This factor 
was determined by multiplying weight of spent shale from one 
gram of raw ^ale by the heat of combustion of the spent shale. 
(See Table IV.) 

Example: Heating value of one ton of dil-shale yielding 50 
gallons of oil per .ton = 10,660,000 B. T. U. 

10,660,000 B. T. U. X 0.1742 = 1,858,000 B. T. U. (Fuel 
value of spent shale from one ton of raw 50-gallon shale.) 

P. The heat of combustion of the oil recovered from the shales 
examined varied from 62.45 to 74.40 per cent of the heat value of 
the shale from which it was recovered, and averaged 67.06 per cent 
of it. Tables III and IV indicate how this factor varies and how it 
was derived. 

Example: Heating value of one ton of 50-gallon oil-shale =» 
10,660,000 B. T. U. 

10,660,000 X 0.6706 = 7,148,000 B. T. U. (Heating value of 
oil obtained from one ton of this shale.) 

G. The heat of combustion of the gas obtained from the shales 
used in these tests varied from 9.00 to 18.10 per cent of the heat 
value of the shale from which it was obtained, and averaged 15.52 
per cent of it. Table IV also indicates how this factor varies among 
the different samples examined. 

Example: Heating value of one ton of 50-gallon oil-shale =« 
10,660,000 B. T. U. 

10,660,000 X 0.1552 = 1,654,000 B. T. U. (Heating value of 
gas obtained from one ton of this shale.) 

In none of the tests reported in this paper was gas production 
forced to its limit. If the shales had been heated to a Mgher tem- 
perature, or held at the maximum temperature reached for a longer 
time, a greater quantity of gas would have been recovered, and the 
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TABLE IV. 
PERCENTAGE HEAT DISTRIBUTION. 



Sample No. 



Av. Averagre 





Per 


Per 


Per 


Per 


Per 


Per 


Per 


exclud- 




cent 


cent 


cent 


cent 


cent 


cent 


cent 


ing No. 5 


Spent shale.... 


117.29 


21.85 


16.60 


18.80 


16.60 


12.58 


17.29 


17.42 


Shale oil 


68.28 


62.45 


65.30 


67.50 


74.40 


71.77 


68.28 


67.06 


Shale gas* .... 


14.43 


15.70 


18.10 


13.70 


9.00 


15.65 


14.43 


16.52 


Total 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 


100.00 





1 Calculated from corresponding averages this table. 
"By difference. / 



TABLE V. 

HEATING VALUES OF SHALE AND SHALE PRODUCTS 

COMPARED WITH OTHER FUELS. 

aro. tons needed to equal 

1 ton 
1 ton bitum. coal 
lignite of 12500 
Heat of combustion 6800 B.T.U. B. T. U. 
B. T. U. heating heating 
Cal. per gm. per lb. value value 

Solid: 

Fresh shale, 25 gal. oil per ton 1482 2665 2.55 4.69 

Fresh shale, 50 gal. oil per ton 2962 5330 1.28 2.34 

Fresh shale, 75 gal. oil per ton 4440 7995 0.851 1.56 

Fresh shale, 100 gal. oil per ton 5935 10660 0.638 1.17 

Spent shale, 25 gal. oil per ton 352 633 10.73 19.75 

Spent shale,* 50 gal. oil per ton 705 1267 5.36 9.87 

Spent shale, 75 gal. oil per ton 1055 1900 3.58 6.58 

Spent shale, 100 gal. oil per ton 1409 2535 2.68 4.93 

Lignite 3526-3994 6347-7189 

Peat (air dried) 4867-5726 8761-10307 

Coal, bituminous 6088-7852 10958-14134 

Coal, anthracit?e 6987-7417 12577-13351 

Coke 7000 12600 

Liquid: 

Shale oil, sp. gr. 0.917 10215 18387 

Shale oil, sp. gr. 0.880 10400 18709 

Fuel oil, sp. gr. 0.903 10710 19280 

Fuel oil, sp. gr. 0.880 10790 19410 

Fuel oil, sp. gr. 0.853 10905 19610 

Gaseous: per cu. ft. 

Shale gas, early stages^ A 482.0 

Shale gas, oil 15 to 90 per cent off^ B 976.0 

Shale- gas, oil 90 to 100 per cent off' C 526.0 

Shale gas, oil all oflT' D . 213.0 

No. cu. ft. shale gas to 
equal 1 cu. ft. other gas 
A B C D 

Natural gas^ 1000 2.08 1.03 1.90 4.70 

Oil gas2 634 1.32 0.65 1.21 2.98 

Coal gas2 683 1.42 0.70 1.30 3.20 

Producer gas^ 153 0.32 0.16 0.29 0.72 

"Blue" water gas* 322 0.67 0.33 0.61 1.51 



^Obtained by dry destructive distillation in batch retort; efficiency of gas 
scrubbing doubtful. 
^Average values. 

In the discussion under para^aphs E, F, and G, certain fac- 
tors were presented by means of which, if the heat value of a sam- 
ple of shale is known, the heating value of its products — gas, oil, 
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SUMMARY. 

The results of the work presented in this paper make it pos- 
sible to draw the following conclusions : 

1. There is no mathematical relationship between the spe- 
cific gravity of an oil-shale and the amount of oil yielded by it. 
The idea that shales of low specific gravity yield much oil, if 
used at all, must be applied with caution. 

2. The ignition loss of an oil-shale cannot properly be used 
in estimating the amount of oil the shale will yield. 

3. The heat of combustion of an oil-shale is a fairly accurate 
indicator of the amount of oil the shale will yield, and, conversely, 
the oil yield is a reliable indicator of the heat value of the shale 
as a fuel. 

4. The heat value per gram of spent shales apparently tends 
to approximate a constant percentage of the heat value per gram 
of the shales from which they were formed, rather than a con- 
stant average heat value, when the shales are retorted under 
constant conditions. For the conditions of retorting used in 
these experiments, this percentage is 23.19. 

5. In the experiments reported in this paper, the amount 
of heat recoverable in the shale oil tends to approximate a definite 
percentage of the heat of combustion of the original shale. For 
the conditions of retorting used in these experiments this per- 
centage is 68.28. 

If, as is here indicated, only 68.28 per cent of the original 
fuel value of the shale is contained in the oil recovered by dry 
destructive distillation, it seems highly desirable, from a view- 
point of national economy, that both the spent shale and shale 
gas be used as fuel to the fullest extent. When the fuel values 
of these latter products are considered, however, it is doubtful 
if such use will always be the most profitable from a financial 
standpoint. 

6. For fairly approximate work it can be taken that the oil 
yield of a shale (as determined by assay) in gallons per ton, mul* 
tiplied by the factor 106.6 equals the gross heat of combustion 
of the shale in B.T.U. per pound: 

7. To obtain the net heat value the factor 106.6 may be cor- 
rected as follows: 

(a) For every gallon of water per ton which is 
vaporized, subtract 4.66 from the 106.6 factor. 

(b) For every degree Fahrenheit above 212° F. 
(boiling point water) each gallon of vaporized water 
(steam) is raised in temperature before its discharge, a 
further subtraction of 0.002 should be made from the 
106.6 factor. 

Example: A shale assaying 50 gallons oil and 2 gal- 
lons water per ton, is used as fuel where flue gas exit 
temperature is 612° F. 
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Gross heating value is 50 X 106.6 == 5330 B.T.U. per pound. 
Net heating value is 50 X [106.6 — (2 X 4.66) — (400 
X 0.002) ] == 50 X 96.48 = 4820 B.T.U. per pound. 

8. For shales yielding up to 50 gallons of oil per ton the 
following relations can be used for close approximations : 

(a) Heat value of raw shale multiplied by 0.1742 
equals the total heat value in B.T.U. of the spent shale 
derived from it. 

(b) Heat value of raw shale multiplied by 0.6706 
equals the total heat value in B.T.U. of the oil derived 
from it. 

(c) Heat value of raw shale multiplied by 0.1552 
equals the total heat value in B.T.U. of the gas produced 
from it. 

These relationships hold only for dry destructive distillations 
under the conditions used in these tests. For shales richer than 
those yielding 50 gallons of oil to the ton, the above factors must 
be modified as indicated on page 19. 
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OBSERVATIONS ON SHALE GAS. 

Frequent mention has been made of the possibility of supply- 
ing all or part of the heat necessary to retort oil-shale by burning 
the uncondensible gas under the retort as fuel. This paper has 
been prepared to present the findings with regard to the feasi- 
bility of this plan. 

In a paper on the **Puel Values of Oil-Shales and Oil-Shale 
Products'* (see Table IV) the writers show that from 9.0 to 
18.1 per cent of the heat value of the shale is represented, after 
retorting by dry destructive distillation, by the uncondensible 
gases. The average for the shales examined was about 15.0 per 
cent. From this it is evident that the total heat value obtainable 
from uncondensible gases varies much with different shales. It 
will also differ with different conditions of retorting. 

The tests described below show that the heating value of the 
gas also varies more or less according to time at which the gas 
is formed with reference to oil production. This statement ap- 
plies also to the chemical composition of the gas.^ 

In Table VI the results tabulated under Shale No. 10 are the 
average of those obtained in four retort tests on 75-pound samples 
of shale assaying 42.7 gallons of oil per ton; those under Shale 
No. 11 are an average Of observations made on four retort tests 
using 75 pounds of shale yielding, on assay, 37 gallons of oil per 
ton; and those under Shale No. 12 are the observations made on 
a single retort test using 75 pounds of shale yielding, on assay, 
28 gallons of oil per ton. 



1 During tests on shale samples Nos. 11 and 12, Table VI, all gas was 
scrubbed, an average of 0.115 gallons of gasoline being absorbed from 1000.0 
cubic feet, as follows: 

Test No. 5. 36.75 cc. from 132.8 cu. ft. or 0.0728 gals, per 1000 cu. ft. 

Test No. 6. 23.00 cc. from 36.3 cu. ft. or 0.167 gals, per 1000 cu. ft. 

Test No. 7. 46.00 cc. from 81.5 cu. ft. or 0.149 gals, per 1000 cu. ft. 

Test No. 8. 26.00 cc. from 93.5 cu. ft. or 0.0733 gals, per 1000 cu. ft. 

There is a possibility that the scrubbing was somewhat incomplete on 
account of a too rapid gas flow. 

The gas samples referred to were produced in the course of shale retort- 
ing tests made in the United States Bureau of Mines and State of Colorado 
co-operative oil-shale retort at Boulder, Colorado. Briefly, this retort is an 
externally gas fired, horizontal, rotary, iron cylinder with a pyrometer well 
in one end and the vapor exit in the other. The vapors are drawn through 
an air-cooled and a water-cooled condenser, then pumped through water and 
a light "straw" oil. On leaving the oil scrubber the gases are metered. The 
heating value of the gas is next determined with a Junkers calorimeter set. 
Samples are collected over water for analysis by a standard portable "Williams 
Orsat pipette. 



1 



The authors appreciate that it is unjustifiable to draw con- 
clusions from the results of so few analyses. The analyses are 
appended, however, to show the nature of the work under way 
and to give, at least, a preliminary idea of the nature of the shale 
gas obtained under the conditions prevailing in the experimental 
work. 
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MAP OF arOBTSWESTE&N COXiOSADO 

The shaded areas show the extent of the Green River formation in which 
the workable beds of oil shale occur. 
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DESCRIPTION OF EXPERIMENTAL WORK. 

The material presented in this paper deals with the first nine 
retorting tests made in the Boulder laboratory, and may be con- 
sidered a preliminary study. When the apparatus was first 
erected it was necessary to determine its flexibility, its behavior 
with shales of different richness, and its ability to operate under 
pressures different from atmospheric, before a definite program of 
work could be undertaken. Therefore, in the first four distilla- 
tions shown in Table VIII and in Curves 1 to 4, are results ob- 
tained while the retorting equipment was being tried out and 
the operators familiarizing themselves with the apparatus. Tests 
Nos. 5 to 8 inclusive represent the first four tests undertaken in 
the plan to determine the effects of various rates of heating, all 
other conditions being kept as nearly constant as possible. Test 
No. 9 represents the results on a lean shale which was examined 
to secure information not particularly in line with the plan of 
the program. 

Since the data presented in this paper were obtained, many 
more retorting tests have been made, both in the Boulder Co- 
operative Laboratory and at the Intermountain Experiment Sta- 
tion of the Bureau of Mines, which is carrying on similar investi- 
gations, as has been noted. The study is by no means complete, 
and cannot be expected to be complete for considerable time. 
Good progress has been made, however, and in a short time it will 
be possible to present a paper giving results of many more re- 
torting tests with complete examinations of the products made 
in each. The present paper will indicate the trend of the work 
and draw some interesting and valuable conclusions. 

It will be noted that the shale used in the first four tests 
yielded on assay 42.7 gallons of oil to the ton, but as it was not 
possible to secure a large supply of this grade of shale at a rea- 
sonable cost, it was decided, to carry out the investigation with 
the shale used in tests Nos. 5 to 8 inclusive. A large quantity of 
this shale has been secured and it is now being used. It will also 
be used in future work. 

Retort temperatures given in the table and figures were de- 
termined by means of a thermo-couple placed in the center of 
the retort along the horizontal axis. It is known that tempera- 
tures along the line of the horizontal axis of the retort are practi- 
cally uniform, but it is likely that temperatures so determined 
are considerably less than the actual temperatures of the shale 
distilling in the retort. The retort is now being equipped so that 
the actual shale temperature may be detennined. 

In all cases 75 pounds of shale were charged into the retort, 
making a layer 3I/2 inches thick at its greatest depth in the retort. 
The shale was crushed to pass a 2-inch opening, and all particles 
smaller than ^ inch were screened out. 
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DISCUSSION OF RETORTING TESTS. 

As has been mentioned, the first four tests were not run accord- 
ing to any definite program, and so many variables entered into 
these tests that it is impos^ble to draw conclusions as to the effect 
of any one variable. In tests Nos. 5 to 8 all conditions were held 
as nearly constant as possible. 

The first four tests were made with the retort rotating at seven 
revolutions per minute. This rate was found to be too rapid, as it 
produced a decided ball-mill effect on the shale. Consequently the 
rate of rotation has been reduced to 3.75 revolutions per minute, 
which seems to be quite satisfactory, and was adhered to in the 
other tests reported. This rate will be used in the future. 

The first two tests were made under atmospheric pressure, and 
it was noticed that a certain amount of dust was carried over into 
the condensing system and pump. In tests Nos. 3 and 4, made 
under vacuum, carrying over of the dust became so serious that a 
drum-head, made of iron screen and packed with steel wool, was 
placed in the discharge end of the retort, just in front of the vapor 
outlet. This seems to prevent trouble due to dust, but as the screen- 
head apparently has a bad effect on the oil, evidently producing 
cracking, it may be necessary to remove it. With the slow rate of 
rotation now being used it is believed that the use of the screen- 
head will be unnecessary, unless the retort is operated under re- 
duced pressure. 

Tests Nos. 3 and 4 were made under vacuum, as may be noted 
in Table VIII. Rather unexpected results were obtained. It was 
believed that a higher recovery of oil and a smaller amount of gas 
would be obtained from the shale under reduced pressure. Entirely 
contrary results were obtained. Since only two vacuum tests were 
made it is difficult to account for this fact, and no attempt is made 
to explain it, except that excessive cracking or incomplete conden- 
sation may have been responsible for the unexpected results. At 
the proper time in the course of the experiments the effects of 
reduced pressures will be carefully studied, making it possible to 
draw conclusions. The vacuum tests made indicate that the retort 
can be operated successfully under greatly reduced pressure with- 
out leakage. Tests Nos. 3 and 4 indicate also that the shale begins 
to produce oil at a lower temperature under reduced pressure than 
under atmospheric pressure. 

It will be noted in Table VIII that the rate of heating is given 
as real average rate of heating and also in terms representing 
apparent average rate of heatmg. The first takes no account of the 
time when temperatures remained constant or fell, but considers 
only that period during which the temperature was actually rising 
and the total gross increase of temperature during that time. The 
second is obtained by dividing the total net temperature rise by 
the number of minutes required during the test to reach the maxi- 
mum temperature. It will be noted that the figures representing 
these two calculated rates are very nearly the same in the later 
tests, but the earlier ones show considerable variation, due to inex- 
perience with the apparatus. 
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CONCLUSIONS. 

Examination of Table VIII and the curves indicates the fol- 
lowing : 

A. Initial temperatures^. 

The evolution of gas in noticeable quantity commences between 
200° and 250' F., and usually close to 235" F. (113' C). 

Water probably starts distilling at about the same temperature 
as the gas and appears as condensed water from the condenser 
when the retort temperature is about 325' F. (163° C). 

Oil begins to flow from the condenser when the temperature in 
the center of the retort reaches about 450' F. (232' C). ^ is 
noteworthy that the shale used in tests Nos. 1 to 4 began to produce 
oil at a lower temperature than the other shales used. Vacuum 
reduced the initial oil production temperature considerably (see 
tests Nos. 3 and 4). 

B. Range of production, 

Oas production will continue considerably above the highest 
temperature used in these tests. The volume will probably increase 
for some time, and its heating value decrease. (See paper on shale 
gas, page 24.) 

Water is produced throughout the oil production range, but 
above 500° F. (260' C.) the water is usually emulsified with the 
oil, and cannot be separated by gravity settling at ordinary tem- 
peratures. 

The average range for oil production is about 625' F. 
(350' C), all of it being distilled off at a temperature between 
1100' and 1150° F. (593'-621' C). Nearly all the oil (about 96 
per cent) is produced before the temperature reaches 900' F. 
(482' C). 

C. Yields, 

The total gas yield in the different tests varies from about 
1,000 cubic feet per ton of shale to nearly 3,600 cubic feet, and aver- 
aged 1,770 cubic feet per ton. In no case was gas production forced 
to the limit. 

The oil yields show a considerable variation ranging from 59 
to 89 per cent, based on assays. No gas scrubbers were used in 
tests Nos. 1 to 4. 

Water yields vary considerably, as different parts of the shale 
samples contain different percentages of water. In some of the 
tests reported water yields are higher than actual yields from the 
shale, as it is often necessary to clean the apparatus with steam at 
the end of the run to remove all the oil. This sometimes introduces 
an unmeasured amount of water into the results, especially if the 
steam and condensed oil emulsify. 

* See footnotes, Table VIII, on temperature measurement. Particular 
emphasis is directed to the position of the pyrometer. 
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Much water is produced in emulsion with the oil. Oil yields 
shown in Table VIII are corrected for water in emulsion, but yield 
curves in Figures 1 to 9 are not so corrected, as it was not possible 
to determine the percentage of water in emulsion in the oil as the 
oil accumulated in the measuring receiver. Percentage of emulsi- 
fied and suspended water is, however, indicated on the curves. 

D. Rate of temperature rise. 

Under this heading only tests Nos. 1 and 2, and 5 to 8 inclu- 
sive, can be discussed, for reasons above presented. It will be noted 
that the rates of heating used do not vary widely, but generally it 
appears that a greater yield of oil is obtained with the slower rates 
of heating. The effect on the quality of the oil has not been clearly 
established, but it appears that oils of better quality are produced 
at slower rates of heating. It has been noted in every case that 
when very rapid rates of heating were employed, the oil had the 
odor of badly cracked oil. 

The eflPect on gas production is apparently as is to be expected, 
that is, smaller quantities of gas are produced at the lower rates 
of heating. 

FUTURE RETORTING WORK. 

The retorting work now under way is to determine the effects 
of several variables on the products of retorting oil-shales. The 
effect of different rates of heating are being studied first, and tests 
are now being made with rates much more varied than reported in 
this paper. It has been suggested that a uniform rate of heating 
may not be a desirable function on which to base work of this sort, 
and that a uniform rate of oil production would be better. Theo- 
retically this suggestion has much merit but when its commercial 
applications are examined it would seem to limit certain types of 
retorts by greatly complicating their structure, if indeed it does 
not absolutely bar them. Work will be continued using different 
uniform rates of heating on the same shale, and then it is planned 
to make a series of tests, using constant oil production as a basis. 

After the most favorable heating rate has been determined for 
the particular shale under examination, other factors will be varied, 
as mentioned on page 27. It is particularly desired to determine 
the effects of different sizes of shale particles on the products made 
at different heating rates. Any suggestions and data bearing on 
this work from persons interested in oil-shale will be appreciated. 
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ANALYTICAL DISTILLATION OF SHALE OIL FROM 

COLORADO OIL-SHALE. 

INTRODUCTION. 

After each retorting test at the Boulder Co-operative Oil-Shale 
Laboratory, samples of the various products collected during the 
run are examined in the laboratory. An analysis is made of the 
gas evolved during retorting, and its calorific value is determined. 
Condensed water from the retort condensers is examined primarily 
to determine content of nitrogen. Liquids from the oil and water 
scrubbers are tested for content of gasoline and ammonia, respect- 
ively. Spent shale from the retort is assayed to determine com- 
pleteness of retorting, and a proximate analysis is made on it. 
Finally the oil recovered during the run is fractionally distilled, 
first at atmospheric pressure, and then under reduced pressure, and 
the fractions are examined. 

In some cases one overall sample of the oil produced during the 
run is taken. In others several samples are taken during the course 
of the distillation of the shale. Proper examination of the several 
samples indicates whether the oil produced from the shale changes 
during the retorting period. 

This paper presents a series of analyses of oils, all produced 
from the same shale during the same retorting test. The large 
horizontal rotary retort was charged with Colorado oil-shale, ob- 
tained near DeBeque, and retorting carried out. in the usual man- 
ner. The oil production was allowed to accumulate until the retort 
temperature, read as previously indicated, had reached 269** C. 
(516° F.), then the oil receiver was changed. Likewise receivers 
were changed when the temperature had reached 285° C. (545° F.), 
322° C. (612° F.), and when the run was completed. Thus four oil 
samples were obtained, the first representing oil production from 
start of distillation to 269° C, ,the second oil produced while the 
retort temperature increased from 269° to 285° C, and so on. 

This report deals with only one such test, but several others 
have been made, oil samples being taken at different temperatures 
and the retort being operated under different conditions. All these 
data are being compared and correlated. Analyses of oils made 
under different retorting conditions are valuable as they not only 
permit a comparison of products made under various conditions, 
but show the effect of any single condition on the quality of the 
product. 

In the near future a complete report will be issued giving 
details as to the analyses of the various oils produced during the 
first series of ten runs in the Boulder retort. This report will also 
attempt to indicate the specific effect of different retorting condi- 
tions on the quality of the oils produced. 
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inches up the column at an angle of 15 degrees from horizontal. 
After the oil has been poured into the flask (it is often necessary 
to heat the oil to a point of fluidity before it can be poured into 
the flask) an 8-inch column of iron **jack chain" to serve as a 
fractionating column is placed in the vertical neck. A cork, 
through which a thermometer passes, is fitted into the top of the 
vertical neck of the flask. The thermometer is so placed that the 
top of the mercury bulb is on a level with the bottom of the open- 
ing of the delivery tube. The delivery tube is connected to the 
condenser with a well-fitting cork. The condenser consists of a 
vertical three-bulb staggered glass tube, of standardized dimen- 
sions, set in an insulated jacket, which at the start of the distil- 
lation is filled with water and shaved ice. 

5. In setting up the distilling outfit all joints are luted with 
a paste of litharge and glycerine. The Bureau of Mines usually 
employs an electric resistance heater, controlled by a variable 
resistance, to heat the flask. Distillation is allowed to proceed 
at the rate of about two cubic centimeters a minute, fractions 
being separated at every even 25° C. interval. The temperature 
of the first drop over is noted. The distillation is continued until 
the vapor temperature reaches 275° C, all fractions taken during 
the intervals of 25 degrees temperature rise being kept separate 
in stoppered glass tubes. 

6. The flask is next allowed to cool, the column of chain is 
removed and two cones of copper gauze are inserted in its place. 
These cones are placed about one inch apart in the middle of the 
neck. The thermometer is then replaced, the flask connected to 
the condenser as before, and the delivery end of the condenser 

I connected to a vacuum receiver. Fractions may now be obtained 

' under vacuum without breaking the vacuum to change receivers. 

To prevent paraffin wax solidifying in the tube, the water in the 
condenser jacket is slowly heated with an electric immersion 
heater until it is nearly at the boiling point when distillation is 
complete. Vacuum distillation is conducted at a pressure of 40 
millimeters of mercury, and at the same rate as during the air 
distillation. Cuts are made at a vapor temperature of 200° C, 
and at every 25 degreed up to 300° C, when the distillation is 
stopped. The residuum in the flask is allowed to cool, and its 
specific gravity and setting point are determined. 

7. Fractions taken at atmospheric pressure are examined 
separately; volume and specific gravity of each fraction at 15.56° 
C. being determined. 

8. Either the percentage of unsaturation of each fraction 
is determined, or the percentage of unsaturation of the combined 
fractions distilling up to 200° C. is determined. The separate or 
combined fractions distilling from 200° G. up to 275 C°. are 
similarly tested. Percentage of unsaturation is the percentage 
soluble in sulphuric acid of 98 per cent strength. Briefly, the 
method of determining unsaturation consists of carefully mixing 
5 cubic centimeters of the oil with 10 cubic centimeters of the 
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**The methods employed by the Bureau of Mines for the dis- 
tillation analysis of crude petroleum have not been developed 
with the idea of obtaining figures that parallel the results of 
actual refinery practice. As refinery practice has never been 
standardized, it has been necessary to select a fundamentally re- 
producible basis of comparison, rather than attempt to work in 
terms of yields and properties of commercial products. 

**The chief value of the present report lies in the fact that it 
permits a reasonably adequate comparison of different crude 
oils on the basis of fundamental, physical and chemical proper- 
ties. 

**It is believed while the most satisfactory use of the figures 
involves a comparison, there is also a need for some sort of * rough 
and ready' interpretation in terms of commercial products. There- 
fore, the author has employed the following classification which, 
even if it has no other justification, is convenient because it per- 
mits discussion in terms of * given names. ' 

1. *'The sum of all fractions distilling at atmospheric pres- 
sure below 200** C. (392°F.) is reported as gasoline and naphtha. 

2. **The sum of all fractions distilling at atmospheric pres- 
sure between 200° C. (392° F.) and 275° C. (527° F.) is reported 
as kerosene, 

3. * * The sum of all vacuum distillation fractions having Say- 
bolt viscosities (at 100° F.) of less than 50 seconds is reported as 
gas oil. 

4. **The sum of all vacuum distillation fractions having Say- 
bolt viscosities (at 100° F.) between the inclusive limits of 50 and 
99 seconds is reported as light lubricating distillates. 

5. **The sum of all vacuum distillation fractions having Say- 
bolt viscosities (at 100° F.) between 100 and 199 seconds inclusive 
is reported as mediium lubricating distillate. 

6. **The sum of all vacuum distillation fractions having Say- 
bolt viscosities (at 100° F.) of 200 seconds or more, is reported as 
viscous lubricating distillate,' ' 

In the case of shale oils, the above interpretation must be 
applied with considerable care. In the first place, the unsatura- 
tion percentages of the crude naphtha and kerosene fractions are 
usually very high, indicating a high refining loss, and therefore 
the percentages of finished gasolines and kerosenes will be con- 
siderably less than those indicated by the tables. How much the 
refining loss will be is as yet unknown. 

In the case of shale oil fractions taken off under vacuum, the 
term ga^s oil can probably be applied as above, but since little is 
known as yet of the properties of lubricating oils made from 
shale oil, a distillation analysis will not be of much value at the 
present time. Later on, of course, when shale oils are actually 
refined and used, results of the examination of lubricating frac- 
tions of shale oils produced by laboratory methods can be com- 
pared with the oils in use, and a reference point established. At 
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present all fractions distilling under vacuum above 225° C. are 
classified as crude lubricating distillates, no attempt being made 
to classify further. About the only conclusion which can be 
reached at present is that from the standpoint of viscosity ; some 
lubricating fractions seem suitable for making satisfactory lubri- 
cating oils. The possible durability of such lubricating fractions 
in actual use is yet to be determined, and durability, after ^all, is 
the property that deserves major emphasis in considering a lubri- 
cating oil. 

The setting points of the higher boiling vacuum fractions 
indicate that a good percentage of paraffin wax may be obtained 
from the shale oils examined. Similar setting points for fractions 
of the Scotch shale oils, shown on page 50, are of interest in this 
connection. 

On pages 48 to 50 inclusive are given Tables IX-A to IX-F 
showing the results of analytical distillations of the oils 
referred to. 
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TABLE IX-A. 

ANALYTICAL DISTILLATION OP SHALE OIL PROM 

COLORADO OIL-SHALE. 

Sample No. B-003 (81). 
011-8hale from DeBeque. Colorado. First fraction off retort. 

Distilled in horizontal rotary retort. Retort temperature up to 269' 

Specific grravity oil, 0.937. Baume grravity, 19.4. 

Water in oil, 19.56 per cent. Setting point » Viscosity * 

BistUlatioii, Biir«Bn of mil** K«Bip«l MmthoiL 
Air distillation: barometer, 646 mm. First drop, 52** C. (126" F.). 
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TABLE IX-B. 

ANALYTICAL DISTILLATION OP SHALE OIL PROM 

COLORADO OIL-SHALE. 

Sample No. B-002 (82). 
Oil-shale from DeBeque, Colorado. Second fraction off retort. 

Distilled in horizontal rotary retort. Retort temperature 269 '-286° C. 

Specific gravity oil, 0.984. Baume gravity, 12.3. 

Water in oil, 4.75 per cent. Setting point, 10° C. Viscosity, ». 

BistUlatioii, Bursan of mil** K«iiip*l Mstliod. 

Air distillation: barometer 642 mm. First drop, 46° C. (114' 
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TABLE IX-B. 

ANALYTICAL DISTILLATION OF SHALE OIL FROM 

SCOTLAND^. 

Sample No. 0-011. 
Oil-shale from Scotland. Water in oil, 0.13 per cent. Setting: point 28* C. 

Retorted in Pumpherston commercial retorts. Baume grravity, 29.6, 

Specific gravity oil, 0.877. Viscosity at 60' C, 44. 

BistUlatloii, BuTMUi of MIum K«iiip*l Msthod. 
Air distillation: barometer 644 mm. First drop 49" C. (120* F.) 
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TABLE IX-F. 

ANALYTICAL DISTILLATION OF CRUDE OIL FROM 

PENNSYLVANIA. 

Sample No. 0-009. 



Baunve gravity, 42.4. 
Viscosity at 60° C, 39. 



Pennsylvania crude oil. 
Specific gravity oil, 0.812. 
Water in oil, trace. 

Dlstillatioii, Burean of MlnMi KM&pel Motliod. 

Air distillation: barometer 644 mm. First drop 26° C. (79° F.) 
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COMPARISON OF ANALYSES OP SHALE OILS. 

The prime purpose of this paper is to show by a presentation 
of experimental data, that the nature of the oils produced from the 
same shales at different temperatures during the same run changes 
to a certain extent, but that the change is so small that it is of 
little commercial importance. While this conclusion can be drawn 
from the four analyses presented in this paper, it is emphasized that 
the conclusion has not been reached as a result of these four an- 
alyses alone. In fact some fifty samples of oil produced at various 
temperatures have been examined, and in no case has a striking 
difference been found in the oils produced aji different stages during 
the same retorting test. However, striking differences have been 
observed between oils produced in different runs when some definite 
retorting condition, such as rate of rise of temperature, has been 
varied. 

Tables IV-A to IX-F contain the records of analytical distilla- 
tions of the four samples of oil referred to. In addition they give 
the distillation of a sample of commercial Scotch shale oil produced 
from Scotch shale in Scotland. Also there is presented the dis- 
tillation analysis of a sample of high grade Pennsylvania crude oil. 
These last two analyses are inserted to show the difference between 
shale oil and petroleum, as indicated by distillations, and between 
shale oil produced in Scotland by commercial processes and the oil 
produced from Colorado oil-shale in the Boulder laboratory. 

, It is important to note that the operations at Boulder are of 
an experimental nature. Often, in experimental work, negative 
results are as valuable as positive, since negative results indicate 
what not to do, or show that the experiments are going in the wrong 
direction. The oils herein reported, therefore, may not be the best 
oils that can be made from the shale. As a matter of fact, better 
oils are constantly being produced as better conditions are being 
determined and applied. At the Intermountain Experiment Sta 
tion of the Bureau of Mines, Salt Lake City, oils have already been 
produced by laboratory methods from Scotch shale that equal in 
every respect the shale oils produced in commercial operations in 
Scotland. So far, however, it has not been possible to produce 
equally satisfactory oils from American shales. A careful exam- 
ination of American oil-shales by chemical and microscopic means 
has indicated that it will be a difficult matter to produce oils from 
American oil-shales that are of as good quality as Scotch shale oils,* 
because of the differences in nature and origin of the different 
shales. Products from shales from different parts of the United 
States, and even from different parts of the Green River forma- 
tion, show a marked difference although the shales were treated 
under identical conditions. 
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THERIOilL CALCULATIONS QN THE RETORTINO OF 

OILpSHALES. 

INTRODUCTION. 

Engineers designing, or maMng calculations of capacities of 
oil-shale retorting equipment, will find it essential to determine the 
amount of heat necessary to retort a unit weight of a given shale. 
Also, it will often be desirable to know how much of that heat may 
be supplied by the shale gas and spent shale, either separately or 
in combination, or by fresh shale. 

Using data already available, or presented in other parts of 
i this bulletin^ this paper presents calculations approximately indi- 

cating the following : 

A. The theoretical amount of heat necessary to retort an oil- 
shale at various temperatures. 

B. The total amount of heat necessary to retort an oil-shale 
at various furnace efficiencies. 

C. The furnace efficiencies necessary if retorting is to be car- 
ried on with the shale gas, or shale gas and spent shale, without the 
introduction of other fuel. 

METHOD OF MAKING CALCULATION OF HEAT 
REQUIRED FOR RETORTING. 

In order to obtain a set of figures which might serve as a basis 
for estimating the value and suitability for retorting of shales of 
nearly any composition likely to be encountered, the following pro- 
cedure was used: 

The composition by weight (of residue, oil, water and gas) of 
four ideal shales calculated to represent probable average occur- 
rences in the Colorado-Utah district was estimated. These ideal 
types of shales produced oil at rates ranging from 25 to 100 gallons 
of oil per ton, and probably cover nearly all workable oil-shales in 
this district. The composition of these ideal shales is given in 
Table X. 

• 

j Having thus established the weights, of each component of a 

set of shales having definite assays of oil, watejr and gas yield, the 
'heat required for retorting was approximated as follows: 

I 1. Certain assumptions were made. 

i (a) A maximum temperature of retorting was as- 

p signed. 

! (h) The specific heat of the shale was assumed not 

^ to vary up to 925° C. 

(c) A temperature was assigned as that of the begin- 
ning of the distillation. 

* Most of the factors necessary in making the calculations that follow 
have been given previously in publications of the authors or in this bulletin, 
and are summarized on page 62. 
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(d) The specific heat of the spent shale at compara- 
tively high temperature is assumed to be the same as that 
determined at a lower temperature. 

(e) The specific heat of the oil vapor is assumed to 
be very nearly that estimated for the oil at lower tempera- 
ture. 

(f) The .latent heat of vaporization of the oil is 
assumed to be nearly that of its lighter constituents. 

(g) The average specific heat of the permanent 
gases formed is assumed to be 0.35. 

2. Certain errors, at present partly unavoidable, are neg- 
lected. 

(a) Those errors involved in the assumption regard- 
ing specific heats, above. 

(h) Errors involved in considering that no vapors 
of either water or oil, or gases, are given off below the 
temperature assigned as that of the beginning of distilla- 
tion. 

(c) Errors involved in considering that all vapors 
originate at the temperature of the beginning of distilla- 
tion and are carried to the highest temperature of dis- 
tillation before discharge from the retort. 

(d) Errors involved in lack of quantitative informa- 
tion concerning the heat of decomposition or reaction of 
the shale kerogen, either positive or negative. The heat 
of reaction, however, is believed to be quite small. 

Notwithstanding the assumptions made, and the errors known 
to be introduced, the results of the calculations agree well with 
experimental facts as is shown below. 

3. The various factors entering into the heat calculation were 
assembled, and the following formula obtained for calculating the 
amount of heat required to retort a unit of oil-shale by dry dis- 
tillation, at 100 per cent heating efficiency. The formula can be 
applied from the results of an assay on oil-shale in which oil and 
water yields and weight of spent shale have been determined, and 
weight of gas evolved arrived at by difference. Theoretical amount 
of heat, in small calories^, required to retort oil-shale by dry dis- 
tillation at 100 per cent efficiency = 

454 ] S [ (T, - To) C] + [r' -f (T, - T,) C"] + 

W [r '-f (T^ — TJ C'"] +G [ (T, — T,) C" "] + 

R [ (T^ — TJ C'""] [ 

in which: 

454 = factor for converting pounds into grams. (If 
the weights used are expressed as grams this figure is 
eliminated.) 

S = weight in pounds of shale considered. 

1 If It Is desired to convert this value into B.T.U.'s, divide the result 
expressed In calories by 252. 
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To = temperature of shale at start of retorting 
(usually atmospheric temperature) in degrees C. 

Ti = temperature in degrees C. at which oil is first 
produced. 

Tg = temperature in degrees C. at end of distillation. 

C' = average specific heat of fresh shale, between Tq 
and Ti. (Here taken as 0.265). 

C' ' == average specific heat of oil vapors produced, 
between Ti and Tg. (Here taken as 0.6.) 

C' " = average specific heat of steam produced, be- 
tween Ti and T2. (Here taken as 0.47.) 

C" " = average specific heat of gas produced, be- 
tween Ti and Tg. (Here taken as 0.35.) 

C" ' " = average specific heat of spent shale pro- 
duced, between T^ and Tg. (Here taken as 0.225.) 

r' = latent heat of vaporization of oil produced. 
(Here taken as 100.) 

r' ' = latent heat of vaporization of water produced. 
(540 calories per gram.) 

= weight of oil produced in pounds. 

W == weight of water produced in pounds. 

G = weight of gas produced in pounds. 

E = weight of spent shale (shale residue) in pounds. 

The following calculation is shown as an example, in which 
values for shale No. 3, Table X, are used. (For a summarized 
result on all the ideal shales considered, see Table XIV.) 

The shale yielded at the rate of 375 pounds of oil, 41.7 pounds 
of water, 1,383 pounds of spent shale, and 200 pounds of gas, de- 
termined by difference, all per ton of shale. The unit considered 
here is one ton. 

Substituting in the formula shown: 

454 ] 2000 [ (205 — 15) 0.265] + 375 [100 -f (482 — 

205) 0.6] -f 41.7 [540 + (482 — 205) 0.47] + 200 

[ (482 — 205) 0.35] +1383 [ (482 — 205) 0.225] [ 

== 149,272,000 calories or 593,000 B.T.U. 

In other words, the dry distillation of one ton of the shale 
under consideration, to 482° C. (900° F.), and recovering the quan- 
tity of products above set forth, would require 149,272,000 calories, 
or 593,000 B.T.U. of heat, if the retort were 100 per cent thermally 
efficient. Of course 100 per cent efficiency is never obtained, and 
therefore the above figure must, in practice, be multiplied by a 
factor based on the efficiency of whatever retort is used. 

I 



> 
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COMPARISON OF CALCULATED AND EXPERIMENTALLY 
DETERMINED HEAT REQUIREMENTS. 

It is possible to apply the formula given to an experiment in 
which the actual amount of heat used in distilling an oil-shale was 
determined. Mr. Arthur J. Franks, of Golden, Colorado, working 
entirely independently of the authors, and without knowledge of 
the theoretical work being undertaken by the latter, has, by means 
of electrical measurements, roughly determined the amount of heat 
necessary to distil one ton of oil-shale. With his permission his 
experimental results and comments have been included: 
Retorting data: 

Weight of shale distilled, 10 pounds. 
Average temperature inside retort wall, 535** C. 
Time of retorting, 2 hours (7200 seconds). 
Estimated thermal efficiency of retort, 75 to 85 per 
cent. 

Heat measurements: 

Heat, electrical. 

Average voltage during test, 20. 

Average amperage during test, 30. 

Total watt seconds (20 X 30 X 7200) = 4,320,000. 

One watt second = 0.2389 small calories. 

4,320,000 X 0.2389 = 1,033,000 calories for 10 pounds 
of shale, or 206,600,000 gram calories per 2,000 pounds, or 
820,000 B.T.U. per ton of shale. 

Products obtained per ton of shale retorted : 

Oil, specific gravity assumed 0.900 at 15.56° C, 47.76 
gallons or 357.9 pounds. 

Water, specific gravity assumed 1.000, 7.14 gallons or 
59.5 pounds. 

Gas, assumed specific gravity 1.24 (air = 1.0), (gas- 
contains 10.9 per cent CO2), 3,260 cubic feet or 326 
pounds. 

Spent shale, 1256.6 pounds. 

Substituting the above weights in the formula given : 
454 ] 2000 [ (205 — 15) 0.265] + 537.9 [100 + (535 — 
205) 0.6] + 59.5 [540 + (535 — 205) 0.47] + 326 
[ (535 — 205) 0.35] + 1256.6 [ (535 — 205) 0.225] [ 
= 170,064,000 calories or 677,000 B. T. U. 

It will be recalled that Mr. Frank's experiment indicated that 
820,000 B.T.U. 's were required to retort a ton of the shale experi- 
mented with, and he estimated that the thermal efficiency of his 
retort was from 75 to 85 per cent. Assuming the above calculated 
value represents the heat required at 100 per cent retort efficiency, 
Mr. Prank's retort was 82.56 per ceut efficient. 

Although this close agreement does not constitute a general 
proof of the reliability of the formula, or even an absolute proof 
for this specific case, it would seem to argue strongly in favor of 



By applying the formula given on page 53 it is possible to 
determine the amount of heat required to retort the ideal shales 
discussed. Table XIV shows the results of such determinations, 
considering that the retorting is done in retorts of different heating 
efficiencies. 

Now having obtained figures approximating the total heat 
necessary for retorting the shales (Table XIV), and also the heat 
which may be obtained from the spent shale or shale gas, or both, 
(Table XIII), there may be calculated the absolute thermal effi- 
ciency necessary for a retort which is to handle any particular 
shale, by dry distillation, by burning either the shale gas, or shale 
residue, or both, with no additional fuel. Results of such calcula- 
tions for the ideal shales considered are given in Table XV. 

Both the fuel necessary to retort and that recoverable from 
the shale depend, of course, on the maximum temperature to which 
the shale is raised. Therefore re.sults of two sets of calculations, 
one using a low and the other a high final retorting temperature, 
are included in Tables XIV and XV, 

Ail calculations are slide-rule estimations and therefore correct 
to the third significant figure. 
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TABLE X. 
COMPOSITION BY WEIGHT OF ONE TON OF SHALE.^ 





Fresh 
shale 
Lbs. 


Oil* 
Lbs. 


Water 
Lbs. 


Gas« 
Lbs. 


Residue 
Lbs. 




Assay 




Shale 
No. 


Oil 

Gals. 

per ton 


Water 

Gals. 

per ton 


Gas 

Cuft. 

per ton 


1 


2000 


187.5 


41.70 


125 


1646.8 


25.0 


5.0 


2500 


2 


2000 


375.0 


41.70 


200 


1383.3 


50.0 . 


5.0 


4000 


3 


2000 


562.5 


.41.70 


250 


1146.8 


75.0 


5.0 


5000 


4 


2000 


750.0 


41.70 


250 


958.3. 


100.0 


5.0 


5000 



^Ideal assumed shales (see page 52). 

'Specific grravity of oil assumed as 0.900. 

'Specific grravity of gras assumed as 0.656 (air=l); 1 cu. ft. gas weighs 
0.05 lbs. 



TABLE XI. 

TOTAIi HEATING VALUE OF OIL-SHALES OF 

VARYING RICHNESS. 



Shale 
No. 1 


Richness of shale 
gals, oil per ton 


Factor* 


B. T. U. 
per lb. 


B. T. U. 
per ton. 


1 




25 




106.6 


2,665 


5,330,000 


2 




50 




106.6 


5.330 


10.660,000 


3 




75 




106.6 


7.995 


15,990,000 


4 




100 




106.6 


10.660' 


21,320,000 


^Numbers refer to 


Table X. 


• 






•See 


page 15. 













TABLE XII. 

HEAT VALUE OF PRODUCTS ON ONE TON OF OIL-SHALES 

OF DIFFERENT RICHNESS. 





Gals, oil 
per ton 


Residue 


Gas 


Oil 


Shale 
No. 1 


Total 
B. T. U. 


B. T. U. 
per lb. 


Total 
B. T. U. 


B. T. U. 
per cu. ft. 


Total B. T. U. 
B. T. U. per lb. 


1 


25 


995,000 


604 


818,000 


327 


3,465,000 18,500 


2 


50 


1,990,000 


1,438 


1,636,000 


408 


6,930,000 18.500 


3 


75 


2,399,000 


2,095 


2,559,000 


512 


10,395,000 18,500 


4 


100 


2,342,000 


2,440 


3,410,000 


682 


13,860,000 18,500 



^Numbers refer to Table X. 
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TABLE XIV. 

HEAT REQUIRED TO RETORT OIL-SHALES OF 

VARYING RICHNESS. 



Shale 
No. 1 



Retort efficiency per cent 
100 50 30 . 20 

Heat required at low temperature, 

482'» C. (900'» P.) in 

lOOOB. T. U.'s 



Retort efficiency per cent 
100 ■iGO 30 20 

Heat required at hi^h temperature, 

925° C. (1700* F.) In 

1000 B. T. U.'s 



1 
2 
3 

4 



518 
593 
663 
725 



1,036 
1.186 
1,326 
1,450 



1,727 
1,976 
2,210 
2,416 



2,590 
2,965 
3,315 
3,625 



956 


1,912 


3.187 


4,780 


1,091 


2,182 


3,637 


5,455 


1,220 


2.440 


4,067 


6,100 


1,350 


2,700 


4,500 


6,750 



^Numbers refer to Table X. 
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CONVENIENT FA0T0B8 FOR USE IN OIL SHALE 
CALCULATIONS. 

The purpose of this paper is to present factors frequently 
used in making oil-shale calculations, in a form which will per- 
mit their use by the field operator. TTie factors presented are for 
purposes of arriving at close approximations. 

All the figures in Table XVI are taken from Mark's "Me- 
chanieal Engineer's Handbook." The table showing effect of 
altitude on atmospheric pressure (Table XXV) is taken from 
"Metallurgists and Chemists Handbook," by Liddell. The other 
tables and formulae are those used by the authors in the course 
of calculations made by them. They are in general merely appli- 
cations of well known principles to specific cases. The physical 
data for shales in Table XVII are those determined by the 
authors, most of them having been previously published.^ Con- 
siderable care should be used in applying them as they were 
determined only for shales of a certain average richness from the 
Green River formation in Colorado. It is believed, however, that 
they may have rather wide application. 

TABLE XVI. 
FREQUENTLY USED EQUIVALENTS. 



1 centimeters 0.3937 In 
1 meter = 3.281 feet. 
1 meter = 1.0936 yardB. 



1 Inch = 2,54 

1 foot ^ 0.3041) n- 

1 yard^O.9144 n 



= 1728 cubic Inches. 
^28,S52 c ■ ■ 



1 = 0.004961 cubic yarfls. 



= 0.035S1 



kilogram (lig.) 



- 8.323 pounds ^.3730 g 



1=6.72 barels. 



Bpeciflc gravity o 



' 1.000'. 

c feet. 

? pliysicai and chemical data o 
Ha of InvesKgatlons, Serial N 

y other liquid, multiply 360 t 
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TABLE XVII. 
SOME CONSTANTS FOR SHALE AND SHALE PRODUCTS. 



Fresh shale Spent shale 



Specific heat 

* Calories per gram. 



0.265» 



0.225« 



Assay in gral- Approximately 
Ions ner ton 0.2319 x heat 
X 69.25 v^lue of 

fresh shale 
from which it 
was derived. 



Shale oil 



0.5—0.6 
10,270 



Shale K&a^ Steam 



0.35* 



0.47 



B. T. U. per pound. 



Assay in gal- 
lons per ton 
X 106.6 



Annroximately 
0.2319 X heat 

value of 

fresh shale 

from which it 

was derived. 



18,500 



Latent heat of 
vaporization 



Varies from 
300 to 600 

B. T. U. per 

cu. ft. at 
0*'C., 760 mm. 



Water 



100 



540 



^Produced from shale by dry destructive distillation. 

^Colorado oil-shale yielding 42 gallons of oil per ton. 

^Residue from Colorado oil-shale yielding 42 gallons of oil per ton. 

*Approximately. 

TABLE XVIII. 
HEAT EQUIVALENTS. 

• * 

The calozlft (small calorie or gram calorie) is the quantity of heat re- 
quired to raise the temperature of one gram of pure water from) 4* to 5* 
Centigrade. The miean calorie*, commonly used by engineers, and in this 
paper, is 1 /lOO of the quantity of heat required to raise the temperature of 
1 gram of pure water from 0" to 100* Centigrade. It is nearly the same as 
the amount of heat required to raise the temperature of 1 gram of pure 
water from 17* to 18° Centigrade. 

The large Calorie (kilogram Oalorle) is 1000 times the small calorie, in^ 
whatever form the small calorie may be expressed. 

The British Tbermal Unit (B. T. U. ) is the quantity of heat required to 
raise the temperature of 1 pound of pure water one degree Fahrenheit, at 
39.1* P., the temperature of the maximrum density of water. The Iffeau 
Brltisli TlLermal Unit is 1/180 of the quantity of heat required to raise the 
temperature of one pound of pure water from 32* to 212* Fahrenheit. It is 
the term commonly used in American engineering practice. 

1 B. T. U.r=252 calories — 0.252 kilogram Calories. 
1 kilogram Calorie=3.968 B. T. U.'s. 

To change calories per gram to B. T. U. per pound, multiply by 1.8 (9/5). 
To change B. T. U. per pound to calories per gram, divide by 1.8 (or 
multiply by 5/9). 

TABLE XIX. 



TEMPERATURES. 

Falurenhelt scale (F.): Freezing point of water^:32*; boiling point of 
water— 212*. 

Centigrade scale (C): F*reezing point of water^^O*; boiling point of 
wateri^lOO*. 

Ahsolnte scale (A.): Freezing point of water^:::273° ; boiling point of 
water— 373*. 1 



To change temperature in 
To change temperature in 
To change temperature in 
To change temperature in 
To change temperature in 
To change temperature in 



*F. to 
*C. to 
*C. to 
°A to 
*F. to 
*A. to 



*C.: (F. reading— 32) X 5/9 = *C. 
F.: (C. readingX9/5)+32 = °F. 



'A.. C. reading + 273 = °A. 
*C.: A. reading— 273 = *C. 
"A.: convert to °C. then apply above. 
*F. : convert to °C. then apply above. 
^Absolute temperatures are sometimes expressed in Fahrenheit units in- 
stead of Centigrade units. Add 459* to Fahrenheit reading for this purpose. 
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TABLE XX. 

WEIGHT OF SHALE. 

(For approximations only.) 



Weight per i 
















































2SGS t( 
2990 t( 
ai21 t( 



cubic foot = tons per c 



20DD 

(3) Tons poi- cubic tootX43,560^tons per acre per foot of thickne 

Weight oC shale In place Is much greater per cubic foot than when mtn 

Weight per cubic foot mined varies from- 0.12 to O.B of Its weight In pli 

-ording to the size to which It is crushed. The finer the ahale '" ' 



PETROLEUM OIL TABLE FOR CONVERTING SPECIFIC 
GRAVITY TO BAUME DEGREES. 



Speclflc 
60V60'F. 







54S 






.6278 B 




1914 


4< 


n !782I t 




:B36 


aJ 


.6250 I 




192a 


















K] 


It '.7135 ( 


440 


;6B3 


9( 


a :6195 [ 


IBB 


L940 


















53 


1 /IBbi i 


369 


570 


»( 


» !6140 E 


110 


.9B7 


54 


















> ;756S 6 


30O 


BS7 




) .■«087 B 


066 


97* 
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TABLE XXIII.i 

TEMPERATURE CORRECTIONS TO READINGS OF SPE- 
CIFIC GRAVITY HYDROMETERS IN AMERICAN 
PETROLEUM OILS AT VARIOUS TEM- 
PERATURES. 



(Standard at 60V60° F.) 







OBSERVED 


SPECIFIC 


GRAVITY 




Observed 


O.660 


0.700 


0.750 


0.800 


0.860 


0.900 


0.950 


tempeiature 
















« 




Subtract from observed specific gravity 




30 


0.016 


0.015 


0.014 


0.012 


0.011 


0.011 


0.011 


32 


.015 


.014 


.013 


.012 ^ 


.011 


.010 


.010 


34 


.014 


.013 


.012 


.011 


.010 


.010 


.010 


36 


.OlS 


.012 


.011 


.010 


.009 


.009 


.009 


38 


.012 


.011 


.010 


.009 


.008 


.008 


.008 


40 


.0105 


.0095 


.0090 


.0080 


.0075 


.0070 


.0070 


42 


.0095 


.0085 


.Of^SO 


.0070 


.0065 


.0065 


.0065 


44 


.0085 


.0075 


.0070 


.0065 


.0060 


.0060 


.0055 


46 


.0075 


.0065 


.0060 


.0055 


.0050 


.0050 


.0050 


48 


.0065 


.0060 


.0055 


.0050 


.0045 


.0045 


.0040 


50 


.0050 


.0050 


.0045 


.0040 


.0035 


.0035 


.0035 


52 


.Uu40 


.0040 


.0035 


.0030 


.0030 


.0030 


.0030 


54 


.0030 


.0030 


.0025 


.0025 


.0020 


.0020 


.0020 


56 


.0020 


.0020 


.0020 


.0015 


.0015 


.0015 


.0015 


68 


.0010 


.0010 


.0010 


.0005 


.0005 


.0005 


.0005 








Add to observed specific gravity 






60 


.0000 


.0000 


.0000 


.0000 


.0000 


.0000 


10000 


62 


.0010 


.0010 


.0010 


.0005 


.0005 


.0005 




64 


.0020 


.0020 


.0015 


.0015 


.0015 


.0015 




66 


.0030 


.0030 


.0025 


.0025 


.0020 


.0020 




68 


.0040 


.0040 


.0035 


.0030 


.0030 


.0030 




70 


.0050 


.0050 


.0045 


.0040 


.0040 


.0035 




72 


.0060 


.0055 


.0050 


.0045 


.0045 


.0040 




74 


.0070 


.0065 


.0060 


.0055 


.0050 


.0050 




76 


.0080 


.0075 


.0070 


.0065 


.0060 


.0055 




78 


.0090 


.0085 


.0080 


.0070 


.0065 


.0065 




80 


.010 


.009 


.008 


.008 


.007 


.007 




82 


.011 


.010 


.009 


.008 


.008 


.007 




84' 


.012 


.011 


.010 


.009 


.009 


.008 




86 


.013 


.012 


.011 


.010 


.009 


.009 




88 


.014 


.013 


.012 


.011 


.010 


.010 




90 


.015 


.014 


.013 


.012 


.011 


.010 




92 


.016 


.015 


.013 


.012 


.011 


.011 




94 


.017 


.016 


.014 


.013 


.012 


.012 




96 


.018 


.016 


.015 


.014 


.013 


.013 




98 


.019 


.017 


.016 


.015 


.014 


.013 




100 


.0?0 


.018 


.017 


.015 


.014 


.014 




102 


.021 


.019 


.018 


.016 


.015 


.015 




104 


.022 


.020 


.018 


. .017 


.016 


.015 




106 


.023 


.021 


.019 


.017 


.016 


.016 




108 


.024 


,022 


.020 


.018 


.017 


.017 




110 


.025 


.023 


.021 


.019 


.018 


.017 




112 


.026 


.024 


.022 


.020 


.019 


.018 




114 


.027 


.025 


.022 


.020 


.019 


.019 




116 


.028 


.026 


.023 


.021 


.020 


.019 




118 


.029 


.026 


.024 


.022 


.021 


.020 




120 


.030 


.027 


.025 


.023 


.022 


.021 





f 



nt Is not definitely known that the figures in this table can be applied 
to shale oils, as the coefficients of expansion of shale oils are not known at 
present. Oils produced from different shales or under different conditions 
from the same shale, may have different coefficients, but it is believed that 
the above figures will apply for fairly close approximations in most cases. 
It is possible that new tables must be worked out for shale oils. 
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SHORT PAPERS FROM THE 



TABLE XXIV.^ 

TEMPERATURE CORRECTIONS TO READINGS OF BAUME 

HYDROMETERS IN AMERICAN PETROLEUM OILS 

AT VARIOUS TEMPERATURES. 



(Standard at 60° F.; modulus 140.) 









OBSERVED DEGREES 


BAUME 






Observed 


20.0 


30.0 


40.0 


50.0 


60.0 


70.0 


80.0 


90.0 


temperature 


















deg. F. 






Add to observed deg-rees Baume 






30 


1.7 


2.0 


2.4 


3.0 


3.7 


4.3 


5.0 


5.7 


32 


1.6 


J-^ 


2.3 


2.8 


3.4 


4.0 


4.7 


5.3 


34 


1.5 


^^.8 


2.1 


2.6 


3.1 


3.7 


4.3 


4.9 


3G 


1.4 


1.6 


2.0 


2.4 


2.9 


3.4 


4.0 


4.6 


3S 


1.3 


1.5 


1.8 


2.2 


2.6 


3.1 


3.6 


4.2 


40 


1.2 


1.4 


1.6 


2.0 


2.4 


2.8 


3.2 


3.8 


42i 


1.1 


1.2 


1.5 


1.8 


2.2 


2.5 


2.9 


3.4 


44 1 


.9 


1.1 


1.3 


1.6 


2.0 


2.2 


2.6 


3.0 


46 


.8 


.9 


1.1 


1.4 


1.7 


1.9 


2.3 


2.7 


4S 


.7 


.8 


.9 


1.2 


1.4 


1.6 


2.0 


2.3 


50 


.6 


.7 


.8 


1.0 


1.2 


1.4 


1.6 


1.9 


52 


.5 


.6 


.7 


.8 


1.0 


1.1 


1.3 


1.5 


54 


.3 


.4 


.5 


.6 


.8 


.9 


1.0 


1.1 


56. 1 ■ 


.2 


.3 


.3 


.4 


.5 


.6 


.6 


.7 


5S 


.1 


.1 


.1 


.2 


.3 


.3 


.3 


.4 


'.■ 






Subtract from observed degrees Baume 




«0 


.0 


.0 


.0 


.0 


.0 


.0 


.0 


.0 


62: " 


.1 


.1 


.1 


.2 


.2 


.3 


.3 


.4 


«4 


.2 


.3 


.3 


.4 


.4 


.6 


.6 


.7 


66 


.3 


.4 


.5 


.6 


.7 


.8 


.9 


1.0 


6S 


.5 


.6 


.6 


.7 


.9 


1.1 


1.3 


1.4 


70 i • 


.6 


.7 


.8 


.9 


1.1 


1.4 


1.6 


1.7 


72 


.7 


.8 


.9 


1.1 


1.3 


1.6 


1.9 


2.1 


74 


.8 


.9 


1.1 


1.3 


1.6 


1.8 


2.2 


2.5 


76 


.9 


1.1 


1.3 


1.5 


1.8 


2.1 


2.5 


2.8 


78 ; ; ; 1 


1.0 


1.2 


1.4 


1.7 


2.0 


2.4 


2.8 


3.1 


80 


1.1 


1.3 


1.5 


1.8 


2.2 


2.6 


3.1 


3.5 


82 :: 1 ■ 


1.2 


1.4 


1.7 


2.0 


2.5 


2.9 


3.4 


3.9 


84 


1.3 


1.5 


1.8 


2.2 


2.7 


3.2 


3.7 


4.3 


86 


1.4 


1.7 


2.0 


2.4 


2.9 


3.4 


4.0 


4.6 


88: 


1.6 


1.8 


2.1 


2.6 


3.1 


3.7 


4.2 


4.9 


90 


1.7 ^ 


2.0 


2.3 


2.7 


3.3 


3.9 


4.5 


5.2 


92 


1.8 


2.1 


2.4 


2.9 


3.5 


4.2 


4.8 


5.6 


94 


1.9 


2.2 


2.6 


3.1 


3.8 


4.4 


5.1 


5.9 


96 


2.0 


2.3 


2.7 


3.3 


4.0 


4,6 


5.4 


6.3 


9S 


2.1 


2.4 


2.9 


3.4 


4.2 


4.9 


5.7 


6.6 


100 ' 


2.2 


2.6 


3.0 


3.6 


4.4 


5.1 


6.0 


6.9 


102 ' 


2.3 


2.7 


3.2 


3.8 


4.6 


5.4 


6.3 


7.2 


104 


2.4 


2.9 


3.3 


4.0 


4.8 


5.7 


6.6 


7.5 


106 • ; 


2.5 


3.0 


3.5 


4.2 


5.0 


5.9 


6.9 


7.9 


108: 


2.7 


3.1 


3.6 


4.3 


5.2 


6.2 


7.2 


8.2 


110 


2.8 


3.2 


3.7 


4.4 


5.4 


6.4 


7.5 


8.5 


112 


2.9 


3.3 


3.9 


4.6 


5.6 


6.7 


7.7 


8.8 


114 


3.0 


3.4 


4.0 


4.7 


5.8 


6.9 


7.9 


9.1 


116 


3.1 


3.6 


4.1 


4.9 


6.0 


7.1 


8.2 


9.4 


118 


3.2 


3.7 


4.3 


5.1 


6.2 


7.3 


8.5 


9.8 


120 


3.3 


3.8 


4.4 


5.3 


6.4 


7.5 


8.8 


lO.l 



^It is not definitely known that the figures in this table can be applied to 
shale oils, as the coefficients of expansion of shale oils are not known a^l 
present. Oils produced from different shales or under different conditions 
from the same shale may have different coefficients, but it is believed that 
the above figures will apnly for fairly close apnroximations in most cases. 
It is possible that new tables must be worked out for shale oils. 
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TABLE XXV. . 

RELATION BETWEEN ALTITUDE AND BAROMETRIC 

PRESSURE.' 



Altitude 


barometer 


Atmospheric pi 


in feet 


in inches 


in lbs. per 


0.00 


30.0 


14.72 


500.0 


29.5 


14.45 


1,000.0 


28.9 


14.18 


1.500.0 


28.4 


13.94 


2.000.0 


27.9 


13.69 


2.500.0 


27.4 


13.45 


3,000.0 


26.9 


13.20 


4,000.0 


26.0 


12.75 


5,000.0 


25.1 


12.30 


6,000.0 


24.2 


11.85 


7.000.0 


23.3 


11.44 


8.000.0 


22.5 


11.04 


9.000.0 


21.7 . 


10.65 


10.000.0 


20.9 


10.26 



Proportionate atmos- 
pheric density 



1.00 
0.98 
0.96 
0.94 
0.93 
0.91 
0.89 
0.86 
0.83 
0.80 
0.77 
0.75 
0.73 
0.70 



^Liddell, D. M., Metallurgists and Chemist.s Handbook: 2d ed, 1918, p. 112. 

TABLE XXVI. 

FACTORS FOR USE IN CALCULATING RESULTS OF OIL 

SHALE ASSAYS.^ 



Weight 


cf 




Weight of 




retort charge 


Factor 


re 


itort charge 




(Jrams- 


Ounces 


Grams Ounces 


Factor 


1 


2 


3 


1 


2 


3 


10 


.35 


.042 


310 


10.94 


1.294 


20 


.71 


.083 


320 


11.30 


1.335 


30 


1.06 


.125 


330 


11.65 


1.377 


40 


1.41 


.167 


340 


■ 12.00 


1.419 


50 


1.76 


.209 


350 


12.36 


1.460 


60 


2.12 


.250 


360 


12.71 


1.502 


70 


2.47 


.292 


370 


13.06 


1.544 


80 


2.82 


.334 


380 


13.41 


1.586 


90 


3.18 


.376 


390 


13.77 


1.627 


100 


3.53 


.417 


400 


14.12 


1.66S 


110 


3.88 


.459 


410 


14.47 


1.711 


120 


4.24 


.501 


420 


14.83 


1.753 


130 


4.59 


.542 i 


430 


15.18 


1.794 


140 


4.94 


.584 


440 


15.53 


1.836 


150 


5.29 


.626 


450 


15.88 


1.878 


160 


5.65 


.668 


460 


16.24 


1.91S 


170 


6.00 


.709 


470 


16.59 


1.961 


180 


6.35 


.751 


480 


16.94 


2.003 


190 


6.71 


.793 


490 


17.30 


2.045 


200 


7.06 


.835 


500 


17.65 


2.086 


210 


7.41 


.876 


510 


18.00 


2.128 


220 


7.77 


.918 


520 


18.36 


2.170 


230 


8.12 


.960 


530 


18.71 


2.212 


240 


8.47 


1.001 


540 


19.06 


2.254 


250 


8.82 


1.043 


550 


19.41 


2.295 


260 


9.18 


1.085 


560 


19.77 


2.337 


270 


9.53 


1.127 


570 


20.12 


2.379 


280 


9.88 


1.168 


580 


20.47 


2.420 


290 


10.24 


1.201 


590 


20.83 


2.462 


300 


10.59 


1.252 


600 


21.18 


2.504 



For any given weight of shale used (column 1 or 2), select the cor- 
responding factor in column 3; divide the number of cubic centimeters of oil 
collected by this factor to convert into gallons of oil per ton of shale. For 
shale charges whose weights in grams are not even multiples of ten, it will 
be necessary to interpolate to obtain the proper factor. 

* Prepared by Tj. C. Karrick, assistant oil-shale technologist. Bureau of 
Mines. 
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TABLE XXVII. 

OTHER FACTORS FREQUENTLY USED IN MAKING OIL- 
SHALE ASSAY CALCULATIONS. 

Imperial gallons per long ton to United States gallons per 

short ton Multiply by 1.0716 

Pounds per long ton to pounds per short ton Multiply by 0.893 

Per cent nitrogen to pounds amonium sulphate per short 

ton Multiply by 92.4 

1 Ton = 2,000 pounds = 907,185 grams. 
1 Cubic foot = 28,377 cubic centimeters. 

^ , . - . - ^ ooAorrvx cubic centimeters of gas obtained 

Cubic feet of gas per ton::=32.037 X 3—7.-1 — ^ — r-^ 

grams of shale retorted 

^ ,, - ,, . „„^ -- ^^cubic centimeters of oil obtained 

Gallons of oil per ton = 239.66 X -^^ , — -— ; 

grams of fthale retorted 
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